The distribution of benthic macroinvertebrates was studied in deep Lake Motosu (oligotrophic lake), Japan. Bathymetrical sampling surveys were carried out using a standard Ekman grab at each of 16 stations in the lake on 8 March 2013. The average densities of the benthic community for all the stations were 2185 ind./m 2 , comprised principally of Tubifex tubifex (Müller) 23.4%, Asellus hilgendorfi Bovallius 4.9% and chironomids 65.8%. T. tubifex and chironomids inhabited the entire lake bottom, with higher densities in the shallower region (25 m>) than in the deeper region (ca. 120 m). On the other hand, the density of A. hilgendorfi increased with water depth and was highest in the deeper regions (>70 m). The densities of chironomid larvae were lower in the deeper region, with fewer chironomid larvae located in the center of the lake (637 ind./m 2 ). The most abundant species, Micropsectra yunoprima Sasa, exhibited the widest distribution from 10.0 m to 121.0 m (mean density 926 ind./m 2 ), followed by Procladius choreusi (Meigen) from 10 m to 74.1 m (mean density 365 ind./m 2 ). The results of this study were compared to previous data by Kitagawa (1973) on chironomid larvae. The densities of these chironomid larvae increased throughout the whole lake in 2013. The water quality has not undergone a major change since the 1970's. In this study, the number of M. yunoprima larvae has shown a tendency to increase, especially in shallower regions; where they are widely distributed, suggesting the continuation of favorable bottom condition for larvae since the 1970's.
Introduction
Numerous studies have been conducted regarding the distribution and abundance of benthic macroinvertebrate populations in relation to various environmental factors (reviewed by Brinkhurst 1974; Real et al. 2000) . The hypolimnion oxygen concentration, food quality and quantity, and water temperature are the main factors influencing the presence and biomass of benthic communities, i.e. chironomid larvae and oligochaetes, in lakes and reservoirs (reviewed by Oliver 1971; Jonasson 1996) . Thus, benthic macroinvertebrates have been used as indicators of bottom environmental conditions in lakes and reservoirs (Berg et al. 1962; Real et al. 2000) . According to Lindegaard (1995) , chironomid larvae can provide much information about lake classification and water quality assessment. Recently, Ruse (2010) reported the classification of nutrient impact on lakes using the chironomid fauna. Until now, however, there is sufficient dissolved oxygen in the lake bottom during the summer stagnation period. Moreover, there have been a few studies on the relatively hardly-known chironomid fauna in oligotrophic lakes with their small amount of food/sedimentary organic matter (Saether 1980) . Deep lakes with a large hypolimnion maintain oligotrophic conditions (e.g., shortage of organic matter and high oxygen concentration) in the profundal zone (Lindegaard 1995) . The chironomids characteristic of oligotrophic lakes are often free-living (Davies 1975; Grimas and Wiederholm 1979) and thus able to increase their range of foraging to seek scarce food at this end of the trophic spectrum (Wiederholm 1984) . Recently, according to Fuentes et al. (2013) , their study evaluated the nutritional importance of allochthonous matter supply for profundal macrozoobenthic communities in the deep oligotrophic lake. Lake Motosu is the third largest of the Fuji Five Lakes in terms of surface area, and is the ninth deepest in Japan. As with the other Fuji Five Lakes, the area is a popular resort, with many lakeside hotels, windsurfing facilities, camp sites, and excursion boats (Tanaka 1992) . Rainbow trout and brown trout were introduced into the lake in the Meiji Era, and sports' fishing is also popular (Takahashi 1999) . However, in recent years, reduced water transparency due to pollution from these activities has been a growing issue (Tanaka et al. 1982; Yamanashi Prefecture 1993) .
In order to clarify the current status of the benthic community of Lake Motosu and examine the difference with the last set of quantitative data by Kitagawa (1973) , the bathymetric distribution of benthic macroinvertebrates was studied in this lake, and a comparison of the benthic fauna and density was made between the present and Kitagawa's study. It also discusses the succession of chironomids in relation to ongoing changes in the lake bottom condition.
Study Site
Lake Motosu (35°28΄N, 138°35΄E at the center of the lake) has a surface area of 4.83 km 2 , maximum and mean depths of 122.1 and 67.9 m, respectively, and lies at an altitude of 900.5 m above sea level at the northern foot of Mount Fuji (Fig. 1) . It has no inflowing or outflowing streams. The basin is steep, with its shallow bottom consisting mainly of shattered rocks, lava and sand. Aizaki et al. (1981) classified Lake Motosu as an oligotrophic lake, based on its chlorophyll-a and total phosphorus concentrations, and its water transparency, using the modified Carlson trophic state index (TSI). Recently, Hasegawa and Yoshizawa (2011) measured the total phosphorus, total nitrogen, chlorophyll-a concentration and suspended solids in the surface water every month from 2002 to 2010. As a result, the water quality has not shown a major change in the 2000's and Lake Motosu was a P-limit lake. 
Material and Methods
According to Yamagishi and Fukuhara (1972) and Iwakuma and Yasuno (1981) , some species of chironomid larvae, e.g., Propsilocerus akamusi (Tokunaga), burrow deep into the lake bottom sediments to aestivate during the summer. Thus, sampling for chironomid larvae is most efficient from late-autumn to early-spring, when almost all the larvae stay close to the surface of the sediment. A multipoint sampling survey was carried out on 8 March 2013, using a standard Ekman grab (15 × 15 cm). One sample was taken at each of 16 sampling stations (Stations 1 to 13, Lake center; Stations LC1, LC2 and LC3) in Lake Motosu (10-121 m depth; Fig. 1 ). The sampling points were determined with a Global Positioning System (GPS). After sieving the sediment through a Surber net (GG66; 0.25 mm mesh size), benthic macroinvertebrates (chironomid larvae, oligochaetes and Asellus hilgendorfi Bovallius) were counted in the laboratory. Their wet weight was measured with an electronic balance (AND, .
To identify the chironomids, some larvae were soaked in a 10% KOH solution, mounted on slides with gum chloral solution, and examined under a microscope. The chironomids were identified to generic level, utilizing the keys of Cranston (1982) , Wiederholm (1983) and Andersen et al. (2013) .
To identify chironomid larvae to the species level, other samples were collected at sampling site 13 (74.1 m depth). The larvae were reared in the laboratory to allow the emergence of adult midges. Moreover, from St. 7 (42.7 m), St. 8 (43.1 m), St. 10 (50.1 m) and St. LC1 (120.5 m), chironomid pupae were collected and some of them were reared and emerged to become adult midges. Adult midges were also collected using sweep nets around the lake. These adult midges were identified to species level, utilizing the key of Wiederholm (1989), Langton and Pinder (2007) , and Sasa and Kikuchi (1995) . The most abundant species was Micropsectra yunoprima Sasa.
Bottom sediment samples for organic matter content analysis were collected with a core sampler (three cm inner diameter) at 7 stations, i.e., St. 5, St. 6, St. 12, St. 13, St. LC1, St. LC2 and St. LC3. The mud in the upper three cm layer of each core was oven-dried at 110 °C for 2 days and ignited in a muffle furnace at 550 °C for three hours to determine the ignition loss (IL). At the same station, the core sampler was also used to measure dissolved oxygen concentrations (DO) in the water at the mud-water interface. The water near the mud surface in the core sampler (which remained above the sediment in the core sampler when it was pulled from the water) was siphoned carefully into a glass bottle. The dissolved oxygen concentration was measured using the Winkler method with azide modification. The water temperature (WT) and mud temperature (MT) in the bottom sediments collected in the core sampler were also measured, using a thermistor thermometer (ca. 3 cm from the sediment surface). Table 1 shows the mean values with standard deviations of some environmental factors. WT, MT and DO values were almost the same among the stations on March, 2013, because the investigation day was during the period of spring overturn. The ignition loss values of the sediment ranged from 9.7% to 16.1%, with a mean value of 11.4 ± 2.3%. Most of the lake basin consisted of a soft bottom with an organic matter content higher than 12%. Sediments at St. 5 contained the highest levels of organic matter (16.1%). Near the center of the lake, i.e., Station LC1 and LC2, the sediment was generally composed of porous volcanic deposits with low IL values (9.7% at St. LC1, 9.8% at St. LC2; Fig. 2 ). Table 2 shows the mean values with standard deviations of the densities and wet weight of benthic macroinvertebrates, i.e., oligochaetes (Tubifex tubifex (Müller)), Asellus hilgendorfi Bovallius and chironomid larvae. The average densities of the benthic community for all stations were 2,185 ind./m 2 , comprised principally of chironomids 1,437 ind./m 2 (65.8%), T. tubifex 511 ind./m 2 (23.4%), and A. hilgendorfi 106 ind./m 2 (4.9%) ( Table 2) . On the other hand, the average biomasses (wet weight) of these benthic macroinvertebrates were 2.40 g/m 2 (80.0%) chironomid larvae, 0.49 g/m 2 (16.3%) T. tubifex, and 0.11 g/m 2 (3.7%) A. hilgendorfi. Chironomidae species belonging to two subfamilies were found, i.e., two species belonged to the Chironominae and one to the Tanypodinae (Table 2 ). In density, the most abundant species was Micropsectra yunoprima (Sasa), followed by Procladius choreusi (Meigen) and Stictochironomus akizukii (Tokunaga). Figures 3 and 4 show the bathymetric distribution of the densities of the main benthos (total chironomid larvae, T. tubifex and A. hilgendorfi; Fig. 3 ) and the three major species of chironomid larvae (M. yunoprima, P. choreus and S. akizukii; Fig. 4) . T. tubifex and total chironomid larvae were widely distributed, but with a peak value at 26 m depth in shallower regions. Fewer chironomid larvae were found in the center of the lake. The density of these animals decreased with increasing water depth, whereas that of A. hilgendorfi increased with water depth; its highest density was in the deeper regions (> 70 m) and its lowest in the shallower regions (< 40 m). M. yunoprima was widely distributed and the most abundant species at the lake bottom where the depth was from 10 to 121 m (inhabited all stations), with a peak value at a depth of 10 m. At the lake center, only this species could be collected (mean value, 637 individual number/m 2 ). S. akizukii was mainly collected at only shallower regions (< 25 m) and its density decreased with water depthit was not collected at any sampling station deeper than 45 m. P. choreus was widely distributed and abundant at the lake bottom where the depth was from 10 to 74.1 m, with a peak value at a depth of 30 m -it was not collected at the lake center. 3.00 ± 1.89 (100%) Fig. 4 Bathymetric distribution of the densities of the three major species of chironomid larvae in Lake Motosu in March 2013.
Results

Discussion
The benthic macroinvertebrates of Lake Motosu have been studied by various researchers (Miyadi 1932; Kitagawa 1973; Yasuno et al. 1983) . We compared our results with the previous quantitative data on chironomids and oligochaetes reported by Kitagawa (1973) and tried to clarify the current status of the benthic community (i.e., fauna, density, and distribution pattern) of Lake Motosu. Kitagawa (1973) only reported Micropsectra sp. and Tubifex sp. from this lake on the 11 March 1973 (collecting 18 samples from 16 stations using a standard Ekman grab; there was no mention of the Surber net mesh size and larval rearing method). Micropsectra sp. was widely distributed (from 45 m to 119.5 m) and the most abundant species. However, in this study we recorded three chironomid species, T. tubifex and A. hilgendorfi. Many researchers have used benthic macroinvertebrates as indicators of the trophic state and organic pollution of lakes (Miyadi 1933; Kitagawa 1978; Saether 1979; Iwakuma et al. 1988; Kawai et al. 1989 ). According to Brinkhurst (1974) , the densities and biomass of benthic macroinvertebrates increased with the progress of lake eutrophication. Table 3 shows the comparison of dominant taxa density of Kitagawa's study with the present investigation. Both studies sampling stations were selected, because their depths were similar in both Kitagawa's study (1973) and in ours. In Lake Motosu, from 1973 to 2013, it is clear that the density of M. yunoprima and T. tubifex showed an increase over that in Kitagawa's report (ca. 3.6 and 2.1 times) (Table 3) . M. yunoprima in particular dominated in recent years. Fig. 5 shows the change in distribution pattern of dominant chironomid species in Lake Motosu according to Miyadi (1932) and Kitagawa (1973) . Miyadi (1932) reported that a species of the "Tanytarsus genuinus complex" was the dominant taxon on the 8 October 1930 (different season, and thus reference data). The "Tanytarsus genuinus complex" includes many species of the genus Micropsectra Kieffer and it is likely that Tanytarsus genuinus sensu Miyadi (1932) is the same as M. yunoprima. According to Yamanashi Prefecture records (1993) , Ariizum et al. (1997) and Yazaki (2011) , the water quality (total phosphorus, total nitrogen, COD, DOC, etc.) has not undergone a major change since the 1970's. But, Miyadi (1932) reported that the dissolved oxygen concentration on July 1929 near the bottom (113 m depth) was relatively high (9.93 mg/l, 88.4%). Kitagawa (1973) reported that in March 1973 (120m depth) it was also relatively high (ca. 8 mg/l, 73.5%). Moreover, Hamada et al. (2012) reported that the dissolved oxygen saturation near the lake bottom (121 m depth) at the end of September 2010 was 36.0%. In this study, the number of M. yunoprima larvae has shown a tendency to increase, especially in shallower regions; where they are widely distributed, suggesting the continuation of favorable bottom condition for larvae in the shallower regions since the 1970's. But, in the deeper regions (depth < 70 m), the DO decreased in the bottom in the period from the 1970s to the 2010s, and the density of M. yunoprima will decreased if the DO decrease at the bottom in the future.
In this study, M. yunoprima was the dominant species in Lake Motosu, an oligotrophic lake. This species was described from other lakes in the district in a high latitude area (e.g. Lake Toya-ko in Hokkaido; 42°36΄N, 140°517΄E, Sasa 1988 ) and a high mountain area (Lake Taishyo-ike, 1490 m and Lake Myojin-ike, 1550 m in Kamikochi; Sasa and Hirabayashi 1991; 1993) in Japan. All these lakes are oligotrophic, and the water temperature does not reach more than 20 degrees Centigrade throughout the year (Tanaka 1992) . Moreover, according to Sasa and Okazawa (1992) , M. yunoprima was collected from low water temperatures in small mountain streams, temporarily shallow puddles, and trout breeding ponds. Consequently, we suggest that this species could be an indicator of low water temperature and oligotrophic conditions.
Fig. 5
Changes in distribution pattern of dominant chironomid species in Lake Motosu. Miyadi (1931) reported that a species of the "Tanytarsus genuinus complex", which may be the same as M. yunoprima, was the dominant taxon on the 8 October 1930 (different season, and thus reference data). Kitagawa (1973) reported that Micropsectra sp. was the dominant species on the 11 March 1973.
According to Fu et al. (2013) , Micropsectra chuzeprima Sasa, which is closely related taxonomically to M. yunoprima, was the dominant species and widely distributed from 10.1 to 65.5 m in depth in Lake Saiko, a deep oligotrophic lake (Max. depth 73.2 m). Sasa (1984) also described this species from Lake Chuzenji, an oligotrophic lake (Max. depth 163 m). However, M. chuzeprima has fewer collection records than M. yunoprima, and M. chuzeprima was collected in environmental conditions approximately similar to M. yunoprima. We assume that the larvae of M. chuzeprima are also an indicator of low water temperature and oligotrophic conditions. However, we were not aware of the ecological differences between M. yunoprima and M. chuzeprima in any detail until now and in the future we must clarify this further.
According to Sasa and Kikuchi (1995) , the genus Micropsectra in Japan includes about 30 species collected from mesotrophic to oligotrophic lakes. Thus, the presence of the genus Micropsectra cannot be used as an indicator of oligotrophic conditions but individual species might be used as indicators of such conditions. We must investigate and collect much more detailed ecological information about this genus and its Japanese species.
